Kinetic methodology was applied to the direct determination of abused drugs (amphetamines, cocaine, and cannabinoids) in urine by stopped-flow fluorescence polarization immunoassay (SF-FPIA). This technique provides analytical data within a few seconds by measuring the variation of polarized fluorescence with time during development of immunochemical reactions. Methods based on this principleare particularlysuitable for routine screening of these drugs in urine, being more expeditious than conventional FPIA methods. The dynamic ranges of the calibration curves were 20-300 gIL for d,I-amphetamine, 15-300 gIL for benzoylecgonine (a cocaine metabolite), and 10-400 g/L for 11-nor-8-tetrahydrocannabinol-9-carboxylic acid (a cannabinoid metabolite). Fluorescence polarization is usually expressed as the degree of polarization:
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Kinetic methodology was applied to the direct determination of abused drugs (amphetamines, cocaine, and cannabinoids) in urine by stopped-flow fluorescence polarization immunoassay (SF-FPIA). This technique provides analytical data within a few seconds by measuring the variation of polarized fluorescence with time during development of immunochemical reactions. Methods based on this principleare particularlysuitable for routine screening of these drugs in urine, being more expeditious than conventional FPIA methods. The dynamic ranges of the calibration curves were 20-300 gIL for d,I-amphetamine, 15 -300 gIL for benzoylecgonine (a cocaine metabolite), and 10-400 g/L for 11-nor-8-tetrahydrocannabinol-9-carboxylic acid (a cannabinoid metabolite). The detection limits and within-and between-assay precision were better than those provided by conventional FPIA. Analytical recoveries ranged between 97.5% for d,!.amphetamine and 102.4% for the cannabinoid metabolite. The results for the three analytes were consistent with those obtained by conventional FPIA. They evaluated several kinetic paranieters and applied the method to the analysis of serum samples (9). SF-FPIA has also been used for determining therapeutic drugs (benzodiazepines and tricycic antidepressants) in biological fluids (10), yielding better detection limits and precision than conventional FPJA (11, 12). Here, we applied this technique to the determination of three abused drugs (amphetamines, cecaine, and cannabinoids) in urine by determining the unaltered drug (amphetamines) or the corresponding metabolites [benzoylecgonine and 11-nor-8-tetrahydrocannabinol-9-carboxylic acid (1 1-nor-i8-THC-COOH)]; the results were compared with those by conventional FPIA (11). This is the first application of kinetic methodology to the direct determination of these drugs.
Materials and Methods

Apparatus.
We used an SLM (Urbana, IL) 8000 C photon-counting spectrofluorometer fitted with a xenon arc source and three polarizers (Glan-Thompson calcite prism type), one in the excitation lightpath and the other two in the corresponding emission channels of the T configuration of the instrument. The excitation wavelength was set at 494 nm with the excitation monochromater. The emission wavelength was selected by placing an interference filter (bandwidth centered at 550 nm) on each of the two optical emission arms. Although fluorescein emits maximally at 517 rim, the interference ifiter with the closest available wavelength was 550 nm. However, this emission wavelength minimized scattered light so that, because of the dynamic character of kinetic measurements, sensitivity was not seriously affected. The instrument was furnished with an SLMAminco Milliflow stopped-flow reactor, a TWC (Taiwan) computer, and a Roland (Japan) plotter. The stoppedflow module, fitted with an 0.2-cm-pathlength observation cell, was controlled by the associated electronics, the computer, and a pneumatic syringe-drive system.
The solutions
in the stopped-flow module were kept at 25#{176}C by circulating water from a thermostated tank.
Reagents.
Test kits for the determination of amphetamines and cocaine and cannabinoid metabolites by FPIA were supplied by Abbott Labs. (N. Chicago, IL). Working solutions were prepared by using TDx dilution buffer from Abbott Diagnostics.
All other chemicals used were of analytical-reagent grade. other. The emission wavelength was selected by placing on each optical emission arm an interference ifiter that yielded an almost identical signal at each detector when both emission polarizers were placed in the same position. The data thus obtained were processed by the microcomputer to record the variation of the ratio of signals from the two detectors with time (V5) or that of the degree of polarization with time (Vt). The reaction rate was determined in -5-10 s in each case by running a program for application of the initial-rate method. Each sample was assayed in triplicate and the blank signal was negligible. All measurements were made at 25#{176}C.
Results
The simultaneous use of two emission channels symetrically arranged on both sides of the sample compartment with the corresponding polarizers perpendicular to each other allows one to obtain information on the development of the immunochemical reactions involved by measuring the variation of the response of each detector with time. Fig. 1 
Effect of temperature.
This variable had two opposing effects on the immunochemical systems studied. Increased temperatures favor Brownian motion and hence decrease the intensity of polarized fluorescence obtained when the antibody-tracer complex has reached equilibrium. However, we found experimentally that increased temperatures had a positive effect on the reaction rate of the antibody-tracer complex (the slope of the kinetic curves increased by -30% when the temperature was increased from 20 to 40#{176}C).
Calibration graphs and detection limits. The kinetic curves obtained for different amounts of each analyte in the presence of urine matrix were processed by the initial-rate method, with either V or VNB as the analytical parameter. Table 1 lists the dynamic concentration range for each kinetic method, compared with those provided by conventional FPIA (11). The dynamic ranges can be expanded by using greater concentrations of tracer and antibody, but the determination of low concentrations of analyte is bound to be less precise. Fig.  3 shows the typical curves obtained for the three analytes with VB as analytical parameter. Curves obtained by using V, were similar. does not give an appreciable signal.) As demonstrated, kinetic methodolo improves the determination capabilities of FPIA for abused drugs by allowing lower limits of determination and detection. At very low analyte concentration, discrimination of the analytical signal from the background signal obtained in conventional FPJA is difficult, because both are static signals. However, when SF-FPLA is used, the dynamic character of the kinetic parameters makes them less markedly dependent on the background signal, which does not change with time. Thus, as shown by the kinetic curves obtained for the cannabis system in the absence and presence of urine matrix (Fig. 4) , the initial rate is the same in both cases, but the fluorescence polarization near equilibrium is markedly affected by the urine matrix.
Throughput. Sample throughput was 60 samples/h, calculated from the time taken to perform three replicate analyses, including changeover in the system.
Precision.
Two different concentrations of each analyte were added to urine samples. The within-day and between-day assay precisions obtained are listed in Table 2 and compared with those provided by conventional FPIA (11). Generally, the results of the kinetic method were better (keeping in mind that the concentration of the analytes in the kinetic method was lower than in the conventional method).
Recovery.
Various amounts of each analyte were added to several urine samples and analyzed in 10-L aliquots. Determinations were carried out by the above procedure with no pretreatment. Table 3 gives the results and analytical recoveries obtained.
The mean recovery was 99.7% for d,l-amphetamine, 100.0% for benzoylecgonine, and 100.4% for 11-nor-8-THC-COOH. Straight lines with slopes close to unity were obtained by plotting the amounts of analyte added vs the amounts found.
Correlation. The results for the three analytes by the SF-FPJA method were compared with those by the equilibrium method. Table 4 lists the slopes and intercepts 
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mm for the last one. In this incubation period, the tracer competes with the analyte for a limited amount of antibody. After this time, the free tracer emits no polarized fluorescence, owing to its small molecular volume and fast rotational motion, whereas the increased molecular volume and decreased Brownian motion of the antibodybound tracer allow it to emit polarized fluorescence at an intensity inversely proportional to the analyte concentration. When the emission polarizer is placed parallel to the excitation polarizer, the detector receives more radiation from the antibody-tracer complex than from the free tracer. If the excitation and emission polarizers are placed perpendicular to each other, the polarized fluorescence emitted by the complex is filtered to a much greater extent than the unpolarized fluorescence emitted by the free tracer. The simultaneous use of two emission paths symmetrically In conclusion, the features of the proposed kinetic methods for determining amphetamines, cocaine, and cannabinoids show SF-FPIA to be a useful alternative to routine screening of abused drugs in urine. Analytical data can be obtained within a few seconds, and detection limits are lower and within-and between-assay precision better than those of conventional FPIA. Measuring the initial rate at the beginning of the reaction minimizes potential interferences from the sample matrix. Therefore, although incompletely automated, SF-FPIA is an attractive approach, providing a high sample throughput and using low sample and reagent volumes. For example, a cannabinoid kit that affords only 50 tests by conventional FPIA can be used for 100 tests by SF-FPIA because the antiserum is diluted 15-fold (each measurement requires 40 j.L and the system is washed three or four times with diluted antiserum between measurements).
Unlike homogeneous enzyme immunoassays, in which kinetic methodolo' is used to determine the enzyme activity of the free tracer with an additional reagent after the competitive immunochemical reactions have finished, SF-FPIA is applied directly to the antibody-tracer reaction, which develops simultaneously with the analytical reaction. Moreover, because SF has traditionally been used for physicochemical studies, one can conduct fundamental kinetic studies on immunochemical reactions.
